Supporting Information Text Analytical Models for Reflectance Oximetry
Oximeters utilize the property that the molar extinction coefficients of oxyhemoglobin (HbO2) and deoxyhemoglobin (Hb) vary appreciably over the visible and near-infrared (NIR) spectrum (Fig. 1D ). If two regions in the spectrum are chosen so that in one region, Hb has a higher absorptivity than HbO2, and in the other region, Hb has a lower absorptivity than HbO2, a ratiometric measurement can be performed to obtain the concentration of HbO2 and Hb. Oxygen saturation in reflection-mode can be expressed as the ratio of the concentrations of oxygenated blood over the sum of the concentrations of oxygenated (C HbO 2 ) and deoxygenated (C Hb ) blood. In Fig. 1D , three regions are shown: (1) green (ε Hb /ε HbO 2 < 2), (2) red (ε Hb /ε HbO 2 > 6), and (3) NIR (ε Hb /ε HbO 2 < 3). Therefore, the combinations of "red and green" or "red and NIR" can be used for oximetry because of the contrast in molar extinction coefficients. As discussed earlier, the operation of noninvasive reflectance oximetry can be grouped into two modes: (i) Reflection-mode pulse oximetry (SpO r 2 ), when a pulsatile PPG signal is present, and (ii) Reflectance oximetry, when the pulsatile PPG signal is absent. 
Where I(λ) is the measured diffused reflected light intensity, I0(λ) is the incident light intensity, µa(λ) is the absorption coefficient of the sensed tissue, d is the distance between the light emitter and detector, and DP F (λ) is the differential pathlength factor (DPF), which accounts for the multiple scattering of light in tissue.
The absorbance, A, can be defined as,
Now if we consider attenuation in skin, tissue, and bones -represented with the subscript dc, and attenuation in oxygenated and deoxygenated blood -represented with the subscripts HbO2 and Hb, the following equations represent measured light intensities at diastole and systole of the cardiac cycle:
Light has to pass through an additional optical path ∆d at systole, therefore dsys = d dia + ∆d. Additionally, a normalization step (I normalized = I/I high,dia ) is required to determine the normalized systolic intensity. Now Eq. S5 can be rewritten,
Ros is the ratio of absorbances in two different wavelengths,
Now, rearranging Eq. S1,
After the normalizing step described in Eq. S6, absorbance, A, can be written as,
Inserting concentrations of oxygenated and deoxygenated blood,
The ratio of the absorbances at the two different wavelengths can be found using the following equation,
Finally, oxygen saturation, SpO r 2 can be calculated using Eq. (S16).
Here, ε λ,HbO 2 and ε λ,Hb are the molar extinction coefficient of oxyhemoglobin and deoxyhemoglobin at each wavelength.
, where Ros =
, is the ratio of pulsatile (ac) to stationary (dc) signals at the two wavelengths, and DP F (λ) accounts for the multiple scattering in the reflection mode. Similar to the transmission-mode pulse oximetry, R os can be used with a calibration curve to provide SpO r 2 .
(ii) Reflectance oximetry. PPG signal from pulsatile arterial blood is essential for pulse oximetry. Therefore, in the case of low perfusion or in the absence of pulsatile arterial blood signal, pulse oximetry in both transmission and reflection mode cannot be performed. In these scenarios, Eq. S2 can be rewritten to measure the time-varying light intensity attenuation, ∆I(λ) in blood and tissue. Here, ∆µa expresses the change in absorption during the measurement.
Now, ∆µa(λ) can be expressed as the sum of the specific absorption coefficients ε HbO 2 (λ), ε Hb (λ), of HbO2 and Hb, times the concentrations, C HbO 2 and C Hb :
Rewriting Eq. (S17),
Since there are two wavelength channels, a system of linear equations can be established:
In Eq. S20, the molar extinction coefficients and DP F (λ) can be obtained from the literature (1, 24) . Since change in the concentration of HbO2 (∆C HbO 2 ) and Hb (∆C Hb ) can be calculated, the change in oxygen saturation (∆SO2) can be determined for the transient measurement. . ∆SO2 monitoring for different durations of ischemia. 1, 2, and 2.5 min of ischemia are used and ∆SO2 drops to -6%, -9.5%, and -11.3%, respectively in these experiments.
